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Organic molecules characterised by large π-electron systems over an extended and conjugated framework are of interest for their strong nonlinear optical properties [1] [2] [3] . The molecular structure of various series of tetrathiafulvalene (TTF) derivatives makes them suitable candidates to reveal large third-order nonlinear optical susceptibilities [3] . In this paper we present a relatively simple method, based on degenerate four wave mixing (DFWM) measurements, to distinguish different physical mechanisms contributing to the third-order susceptibilities. We study and compare some ethylenic and p-N, N'-dimethylaniline TTF derivatives. The chemical structure of the studied molecules are presented in Fig. 1 and their UV spectra in Fig. 2 . The measurements of transmission for the range of intensities used (0-1 GW/cm 2 ) show that the molecules present only linear absorption. The DFWM experimental arrangement is illustrated in Fig. 3 . The excitation is provided by 30 ps laser pulses at λ = 532 nm generated by an amplified mode locked Quantel Nd:YAG laser operating at 1 Hz repetition. Two of the interacting waves are strong counterpropagating pumps travelling in the forward and backward directions. Their intensities verify the relation I1(z = 0) = I2(z = d). The third input beam is a weak probe (I3, I4 « I1) which makes an angle 12°w ith respect to the pump. Phase matching requires then that the signal wave be radiated in a direction backward to the probe. The thickness of the cell containing the solution of the powdered organic molecules is 0.1 cm.
Using Maxwell nonlinear equations one can obtain the DFWM efficiency in the form [4] :
, q= ip and d is the cell length. The DFWM efficiency R with the subscripts ijkl indicates that the polarisation states of the waves (4), (1), (2) and (3) are i, j, k, I respectively which take values x or y. xi(;11 values can be obtained by adjusting the theoretical curve given by (1) to the measured values of R.
We measured I( 4 ) versus the concentration of molecules in the solution in order to determine the optimal concentration Copt at which I<4> is maximum. All the compounds investigated displayed a single maximum in /( 4 ). An example of these results (for compound (b)) is presented in Fig. 4 . Copt values and the absorption coefficients at Copt are collected in Table I .
We measured the DFWM efficiency R at Copt as a function of wave (1) intensity for various polarization states of waves (1), (2) and (3). Figure 5 shows the results for the three compounds studied in the case of vertical polarization of the incident beams. The adjustment of the theoretical curve given by (1) to experimental data leads to the third-order susceptibility for the compounds (Table II) . From the results, we can conclude that the following relationships are verified: In the DFWM experiences, we have used a laser delivering 30 ps pulses so the thermal and electrostrictive effects could be neglected, because they are very slow. In this case two essential local effects contribute to the nonlinearities in isotropic materials excited by such laser pulses: electronic cloud deformation and nucleus reorientation (translations, rotations, and vibrations). As a consequence, one can consider x131 as consisting of two contributions corresponding to the mentioned mechanisms: 43 1 4 3 .111 + xa231,7u• One can show that for isotropic media the electronic and nuclear tensorial components satisfy the relations [51:
Using the experimental results described by (2a, 2b, 2c) and the relations (3), one can deduce the following:
Hence, we can conclude that the electronic contribution is larger than the nuclear contribution for the molecules of interest and it is negative. For molecule (c) the electronic contribution is larger than for molecules (a) and (b) which probably due to the fact that molecule (c) has more an extended and conjugated structure which favours a high π-electron delocalisation. Moreover, the (c) molecule possesses the biggest molar weight, which causes smaller rotation, vibration effects and in turn gives a relatively small nuclear contribution. To establish the sign of the nonlinearities, we performed additional experimental test which has showed that the studied solutions are defocussing. This fact allows us to conclude that the x (3 ) is negative. Hence, the electronic component of x(3) is negative.
Second-order hyperpolarisability characterizing an individual molecule is related to the third-order suscentihilitv by [2h where F = (n2 + 2)/3 is the Lorentz field factor correction, N = NA•C/M is the number of solution molecules per unity of volume; NA is the Avogadro number. In our case , Xśoivent can be neglected because it is very small compared with Xsoiutson at the concentrations used. The second-order hyperpolarisabilities are presented in Table II .
By DFWM and by changing the polarisation states of the interacting beams, we are able to determine the origin of the third-order optical nonlinearities by separation of electronic and nuclear contributions to X`oiution For all the molecules studied, we found that the electronic component of X( 3 ) is dominant and its sign is negative. For molecule (c) the electronic third-order susceptibility is larger than for molecules (a) and (b). This can be due to a more extended and fully conjugated structure which favours a π-electron delocalisation. The molecules investigated possess large third-order nonlinearities compared, for example, to polyazine derivatives [6] . The second-order hyperpolarisabilities are about 10 5 times greater than in CS2 [7] , which is a reference material for DFWM measurements.
